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)LJXUH7KHJHRPHWU\RIDQWHQQDV

2XU VLPXODWLRQ REMHFWLYH LV WR VWXG\ WKH UHVSRQVH DW WKH UHFHLYHUV RU PRUH SUHFLVHO\ WKH VHFRQG GLIIHUHQFH RI
SRWHQWLDO IRU WKH ORJJLQJPHDVXUHPHQWGHVFULEHG LQ )LJXUHZKHQ FRQVLGHULQJGLIIHUHQW HOHFWURGH FRQILJXUDWLRQV
VHH)LJXUHDQGGLSDQJOHVZKLFKLVWKHDQJOHRILQFLGHQFHEHWZHHQWKHZHOODQGWKHIRUPDWLRQOD\HUV
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0RGHOLQJWKHGHDGORFNSUREOHP
  
)LJXUH'HYLDWHGVWHHOFDVHGZHOO&RDUVHOHIWSDQHODQGILQHFHQWHUSDQHOPHVKHVIURPWKHILUVWLWHUDWLRQRIWKHVHOIDGDSWLYH
KS)(0DOJRULWKPDQGDQH[DPSOHRIDDKLJKO\KSUHILQHGPHVKULJKWSDQHO
E 
)LJXUHD7KHHLJKWILQLWHHOHPHQWVXEPHVKZKHUHWKHGHDGORFNSUREOHPRFFXUUHGE7KHH[HPSODU\HLJKW
ILQLWHHOHPHQWVXEPHVKEHIRUHWKHH[HFXWLRQRIUHILQHPHQWV

7KH H[HPSODU\ FRPSXWDWLRQDO KSPHVKHV JHQHUDWHG E\ WKH VHOIDGDSWLYH KS)(0 DOJRULWKP IRU WKH WKURXJK
FDVLQJUHVLVWLYLW\LQVWUXPHQWVSUREOHPDUHSUHVHQWHGLQ)LJXUH,QWKLVSDSHUZHGRQRWLQWURGXFHWKHGHWDLOVDERXW
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KRZPHVKUHILQHPHQWVDUHVHOHFWHG7KHGHWDLOVDERXW WKHDGDSWLYHDOJRULWKPFDQEH IRXQG LQ>@:HIRFXV
KHUHRQDGHDGORFNSUREOHPRFFXUULQJGXULQJPHVKUHILQHPHQWVWKDWSUHYHQWVIXUWKHUUHILQHPHQWVLQWKDWDUHDWRWDNH
SODFH
7RGHWHFWWKHUHDVRQRIWKHGHDGORFNZHILUVWORFDWHWKHVXESDUWRIWKHPHVKZKHUHWKHGHDGORFNRFFXUUHG$Q
H[DPSOHRIDGHDGORFNSURGXFHGE\DVXEPHVKFRQVLVWLQJRIHLJKWILQLWHHOHPHQWVLVSUHVHQWHGRQSDQHODLQ)LJXUH
1H[WZHUHVHWDOOWKHUHILQHPHQWVRYHUWKHHLJKWILQLWHHOHPHQWVXEPHVKWRHQGXSZLWKWKHVXEPHVKSUHVHQWHG
RQ SDQHO E LQ )LJXUH  :H WDNH WKDW VXEPHVK DV WKH VWDUWLQJ SRLQW IRU WKH 3HWUL QHW WR PRGHO DOO SRVVLEOH
UHILQHPHQWVWKDWFDQEHH[HFXWHGRYHUWKHHLJKWHOHPHQWV
7KH SURGXFWLRQV PRGHOOLQJ WKH SRVVLEOH KDGDSWDWLRQV DUH SUHVHQWHG LQ )LJXUH  3URGXFWLRQV %,+
%,9%,99PRGHOEUHDNLQJRI WKHPHVKHOHPHQW LQ WKUHH VSDWLDOGLUHFWLRQV UHVSHFWLYHO\$GGLWLRQDODQDORJRXV
SURGXFWLRQQRW SUHVHQWHG LQ WKH ILJXUHPRGHO WKH VLPXOWDQHRXV UHILQHPHQWV LQ WZRRU WKUHHGLUHFWLRQV3URGXFWLRQ
%,PRGHOVEUHDNLQJDQHOHPHQWLQDOOGLUHFWLRQVSURGXFWLRQV%,+9%,+99DQG%,999PRGHOEUHDNLQJRI
DQHOHPHQWLQWZRGLUHFWLRQV



)LJXUH3URGXFWLRQVIRUEUHDNLQJDQHOHPHQW

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1H[W ZH FRQVWUXFW D 3HWUL QHW H[SUHVVLQJ DOO SRVVLEOH FRQILJXUDWLRQV RI WKH HLJKW ILQLWH HOHPHQW PHVK
UHILQHPHQWV7KH IUDJPHQWRIGHWDLOHG3HWULQHWPRGHOOLQJ WKHKDGDSWDWLRQRI WKHPHVK IUDJPHQWFRQWDLQLQJRQO\
WZRDGMDFHQF\HOHPHQWVHOHPHQWDQGIURP)LJXUHLVSUHVHQWHGLQ)LJXUH



)LJXUH7KHIUDJPHQWRI3HWULQHWPRGHOOLQJKDGDSWDWLRQ

,QWKLVILJXUHZHKDYHRPLWWHGVRPHDUFVSRLQWLQJWRRUIURPWUDQVLWLRQVFRUUHVSRQGLQJWRPHVKWUDQVIRUPDWLRQV
RI HOHPHQW  RU  DQG WUDQVLWLRQV FRUUHVSRQGLQJ WR PHVK WUDQVIRUPDWLRQ RI RPLWWHG HOHPHQWV  1XPEHUV LQ WKH
WUDQVLWLRQQDPHVGHQRWHFRUUHVSRQGLQJPHVKHOHPHQWWRZKLFKDJLYHQSURGXFWLRQLVDSSOLHG)RULQVWDQFHWUDQVLWLRQ
%,FRUUHVSRQGVWRWKHH[HFXWLRQRISURGXFWLRQ%,RQPHVKHOHPHQWQXPEHU7UDQVLWLRQ%)FRUUHVSRQGVWRWKH
H[HFXWLRQRISURGXFWLRQ%)RQWKHFRPPRQIDFHRIHOHPHQWVDQG7KHOHWWHUVDWWKHHQGRI%)WUDQVLWLRQQDPH
SRVLWLRQVWKHHOHPHQWIDFHLQUHODWLRQWRWKHFRUUHVSRQGLQJHOHPHQWLQWHULRU8VWDQGVIRUWKHXSSHUIDFH%7IRUWKH
ERWWRPIDFH/IRUWKHOHIWIDFH5IRUWKHULJKWIDFH%IRUWKHEDFNIDFHDQG)IRUWKHIURQWIDFH)RULQVWDQFHWKH
WUDQVLWLRQ%)8FRUUHVSRQGVWRWKHH[HFXWLRQRIWKHSURGXFWLRQ%)RQWKHXSSHUIDFHRIWKHHOHPHQWQXPEHU7KH
SULP VLJQ DW WKH HQG RI D WUDQVLWLRQ QDPH LQGLFDWHV WKDW ILULQJ RI VXFK D WUDQVLWLRQ PRGHOV H[HFXWLRQ RI D
FRUUHVSRQGLQJJUDPPDUSURGXFWLRQLQVXEVHTXHQWLWHUDWLRQRIPHVKDGDSWDWLRQ
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
)LJXUH7KHIUDJPHQWRI3HWULQHWPRGHOOLQJWKHVHTXHQFHRIPHVKKDGDSWDWLRQIURPSDQHODLQ)LJXUH

7KH3HWULQHWPRGHOOLQJPHVKDGDSWDWLRQIRUDOOHOHPHQWVLVSUHVHQWHGLQ)LJXUH,QRUGHUWRPDNHWKH3HWUL
QHWIURPWKH)LJXUHPRUHUHDGDEOHZHKDYHRPPLWHGVRPHWUDQVLWLRQVDQGSODFHVDQGVKRZRQO\WUDQVLWLRQVDQG
SODFHVZKLFKDUH UHOHYDQW WR WKHGHDGORFNRFFXUHQFH WKH WUDQVLWLRQVDQGSODFHVFRUUHVSRQGLQJ WR WKHKDGDSWDWLRQ
SUHVHQWHGRQWKHSDQHODLQ)LJXUH
7KH3HWUL1HWKDVEHHQPRGHOHGLQWKH3,3(>@DSSOLFDWLRQ7KHGHDGORFNKDVEHHQGHWHFWHGDXWRPDWLFDOO\E\
JHQHUDWLQJDQGDQDO\VLQJWKHUHDFKDELOLW\JUDSK
7KH IROORZLQJ VHTXHQFH RI ILUHG WUDQVLWLRQV OHDGV WR D GHDG VWDWH SUHVHQWHG RQ SDQHO D LQ )LJXUH  7KH
GHDGORFNLVDVWUDLJKWIRUZDUGLPSOLFDWLRQRIWKHPHVKUHJXODULW\UXOHVHQIRUFHGE\DGDSWLYHKS)(0>@7KHPHVK
LUUHJXODULW\UXOHVWDWHVWKDWDIDFHFDQQRWEHEURNHQWZLFHZLWKRXWEUHDNLQJDGMDFHQWHOHPHQWV,QWKLVVWDWHDOOWKH
LQWHUQDOIDFHVDUHFRQVWUDLQHGDQGFDQQRWEHIXUWKHUEURNHQZLWKRXWYLRODWLQJWKHPHVKLUUHJXODULW\UXOH
1XPHULFDOUHVXOWV
$IWHULPSOHPHQWLQJWKHWKUHHQHZPHVKDGDSWDWLRQUXOHVGHVFULEHGLQ)LJXUHWKHGHDGORFNSUREOHPLVVROYHG
DQGWKHFRPSXWDWLRQDOSURFHVVFDQFRQWLQXHZLWKRXWSUREOHPV
1XPHULFDO VLPXODWLRQ UHVXOWVDUHGLVSOD\HG LQ)LJXUHVDQG IRUDYHUWLFDOZHOO DGHJUHHGHYLDWHG
ZHOO DQG D GHJUHH GHYLDWHGZHOO UHVSHFWLYHO\ 7KHVH SORWV GLVSOD\ WKH VHFRQG YHUWLFDO GLIIHUHQFH RI SRWHQWLDO
PHDVXUHG DW WKH UHFHLYHUV [D[LV DV ZH PRYH WKH ORJJLQJ LQVWUXPHQW DORQJ WKH ZHOO \D[LV (DFK FXUYH
FRUUHVSRQGVWRWKHGLIIHUHQWHOHFWURGHFRQILJXUDWLRQVFRQVLGHUHGLQ)LJ1DPHO\HDFKWUDQVPLWWHU7;RUUHFHLYHU
5;FDQFRQVLVWRID³IXOO´ULQJOHIWSDQHORI)LJD³SDWFK´ULQJFHQWUDOSDQHORI)LJRUD³VLQJOH´SDWFK
ULQJULJKWSDQHORI)LJ)URPWKHSK\VLFDOSRLQWRIYLHZVHYHUDOREVHUYDWLRQVFDQEHGHULYHGIURPWKHUHVXOWV
)LUVW PHDVXUHPHQWV DUH VHQVLWLYH WR WKH IRXU GLIIHUHQW OD\HUV H[LVWLQJ LQ WKH IRUPDWLRQ VHH )LJ  6HFRQG
PHDVXUHPHQWVDUHQRWVHQVLWLYHWRGLIIHUHQWHOHFWURGHFRQILJXUDWLRQVZKHQZHFRQVLGHUDYHUWLFDOZHOO+RZHYHUIRU
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WKH  DQG GHJUHH GHYLDWHG ZHOOV ZH REVHUYH WKH LPSRUWDQFH WKDW WKH HOHFWURGH GHVLJQ KDV RQ WKH UHFRUGHG
PHDVXUHPHQWV:KLOHWKHIXOODQGSDWFKHOHFWURGHVSURYLGHVLPLODUVROXWLRQVWKHRQHSDWFKHOHFWURGHGHOLYHUVD
VLJQLILFDQWO\GLIIHUHQWUHVSRQVHZLWKODUJHYDULDWLRQVGHSHQGLQJXSRQWKHUHVLVWLYLW\RIWKHIRUPDWLRQ


)LJXUH$GGLWLRQDOJUDSKJUDPPDUSURGXFWLRQVXVHGWRRYHUFRPHWKHGHDGORFNSUREOHP

)LJXUH([HPSODU\ORJJLQJFXUYHIURPWKHVLPXODWLRQRIWKURXJKFDVLQJUHVLVWLYLW\PHDVXUHPHQWVIRUDYHUWLFDOZHOO
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
)LJXUH([HPSODU\ORJJLQJFXUYHIURPWKHWKURXJKFDVLQJUHVLVWLYLW\PHDVXUHPHQWVVLPXODWLRQIRUDGHJUHHVGHYLDWHGZHOO

)LJXUH([HPSODU\ORJJLQJFXUYHIURPWKHVLPXODWLRQRIWKURXJKFDVLQJUHVLVWLYLW\PHDVXUHPHQWVIRUDGHJUHHV
GHYLDWHGZHOO
&RQFOXVLRQV
:H KDYH GHVFULEHG D 3HWUL QHW PRGHO LQWHQGHG WR SUHYHQW D GHDGORFN SUREOHP GXULQJ 'PHVK UHILQHPHQWV
RFFXUULQJ LQ RXU KSDGDSWLYH )(0:H KDYH DSSOLHG WKLV PHWKRG WR D ''& ERUHKROH UHVLVWLYLW\ PHDVXUHPHQW
VLPXODWLRQVZLWKVWHHOFDVLQJLQGHYLDWHGZHOOV:HVKRZHGWKDWWKH3HWULQHWPRGHOIDFLOLWDWHGWKHDGGLWLRQRIPHVK
WUDQVIRUPDWLRQUXOHVWKDWHIIHFWLYHO\UHPRYHGWKHGHDGORFNSUREOHP

$FNQRZOHGJHPHQWV
7KHZRUNZDVSDUWLDOO\VXSSRUWHGE\WKH3ROLVK01L6:JUDQWQR117KHZRUNUHSRUWHGLQWKLVSDSHU
ZDVSDUWLDOO\IXQGHGE\WKH6SDQLVK0LQLVWU\RI6FLHQFHVDQG,QQRYDWLRQXQGHUSURMHFW070WKH
/DERUDWRU\RI0DWKHPDWLFVDW839(+88),DQGWKH&<7('SURMHFW57


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